The coatomer module of the nuclear pore complex borders the cylinder-like nuclear pore-membrane domain of the nuclear envelope. In evolution, a single coatomer module increases in size from hetero-heptamer (Saccharomyces cerevisiae) to hetero-octamer (Schizosaccharomyces pombe) to hetero-nonamer (Metazoa). Notably, the heptamer-octamer transition proceeds through the acquisition of the nucleoporin Nup37. How Nup37 contacts the heptamer remained unknown. Using recombinant nucleoporins, we show that Sp-Nup37 specifically binds the Sp-Nup120 member of the hetero-heptamer but does not bind an Sc-Nup120 homolog. To elucidate the Nup37-Nup120 interaction at the atomic level, we carried out crystallographic analyses of Sp-Nup37 alone and in a complex with an N-terminal, ∼110-kDa fragment of Sp-Nup120 comprising residues 1-950. Corroborating structural predictions, we determined that Nup37 folds into a seven-bladed β-propeller. Several disordered surface regions of the Nup37 β-propeller assume structure when bound to Sp-Nup120. The N-terminal domain of Sp-Nup120 1-950 also folds into a seven-bladed propeller with a markedly protruding 6D-7A insert and is followed by a contorted helical domain. Conspicuously, this 6D-7A insert contains an extension of 50 residues which also is highly conserved in Metazoa but is absent in Sc-Nup120. Strikingly, numerous contacts with the Nup37 β-propeller are located on this extension of the 6D-7A insert. Another contact region is situated toward the end of the helical region of Sp-Nup120 . Our findings provide information about the evolution and the assembly of the coatomer module of the nuclear pore complex. 
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Nup120-Nup37 interaction | crystal structures | nonliganded Nup37 | Y-shaped complex T he morphologically most striking changes in the prokaryoteeukaryote transition of cellular evolution are the encapsulation of chromatin by a double membrane and the concomitant development of nuclear pore complexes (NPCs). The double membrane of the nuclear envelope was proposed to have evolved by an inward folding of chromatin-binding domains of the prokaryotic plasma membrane (the endomembrane hypothesis) (1) , and the concomitant evolution of the nuclear pore complex was suggested to have begun by coating and stabilizing the loose and sharply bent ends of the infolded membrane cisternae (the proto-coatomer hypothesis) (2, 3) . The evolution of mobilephase transport factors and of additional nucleoporins then led to the contemporary multimodular NPC as the stationary centerpiece of nucleo-cytoplasmic transport.
An NPC consists of multiple copies of about 30 distinct proteins, termed "nucleoporins" (4-6), and three distinct integral pore-membrane proteins (POMs) located in the cylindrical poremembrane domain of the nuclear envelope. The pore-membrane cylinder anchors the symmetrical core of the NPC, which exhibits two axes of symmetry: a twofold axis in the plane of the nuclear envelope (7) and a perpendicular eightfold axis in the nucleoplasmic-cytoplasmic direction (8) . Asymmetric structures are attached to the cytoplasmic or nucleoplasmic sides of this symmetrical core (9) .
The central element of the symmetric core is a remarkably versatile transport channel that evolved to allow bidirectional transport of substrates ranging greatly in size, from small molecules to ribosomal subunits. An atomic structure for this transport channel of mammalian NPCs has been pieced together recently from several crystal structures of interacting segments of three channel nucleoporins (10, 11) . A key aspect of this model is a hugely deformable midplane ring that is formed by multiple copies of two helical segments of nucleoporins 58 (Nup58) and 54 (Nup54); transitions between homo-and hetero-oligomers of these two segments yield dramatic changes in the diameter of the midplane ring by more than 20 nm, akin to open and closed or active and inactive channels. The regions of the channel nucleoporins containing phenylalanine-glycine repeats were proposed to function as ligand-binding sites for various transport factors bound to their substrates (12) (13) (14) ; in this way, the ratio of open to closed midplane rings (i.e., active or inactive NPCs, respectively) would be linked to cellular demand for nucleo-cytoplasmic transport (10, 11) .
It could be surmised that a midplane ring undergoing such huge changes in diameter might buckle and therefore disrupt the membrane if it were anchored directly into a lipid bilayer. However, if it were suspended and centered in a large protein matrix, the huge fluctuations in shape and diameter during opening and closing could be accommodated readily by a flexible interactome of the surrounding nucleoporin matrix. Based on their approximate localization in the core of the NPC, nucleoporins surrounding the three channel nucleoporins have been assigned, in a highly schematic fashion, to an adaptor and a coat cylinder. An outermost cylinder formed by POMs would anchor the core to the pore-membrane domain of the nuclear envelope (for review as well as alternative models, see refs. 15 and 16) .
Although the composition and higher-order structure of such a coat cylinder remain uncertain, all models agree that multiple copies of a Y-shaped complex (defined by electron microscopy) are located in the periphery of the NPC core and serve as a coating module (for review see refs. 15 and 17) . In Saccharomyces cerevisiae (Sc), this Y-shaped complex consists of seven distinct nucleoporins in the following arrangement: Nup120 and a Nup85·Seh1 dimer form the short arms of the Y; an Nup145C·Sec13 dimer is located at their junction with the long arm of the Y, followed by Nup84 and by Nup133, the latter being located at the base of the long arm (18, 19) . In cells with closed mitosis, such as S. cerevisiae and Schizosaccharomyces pombe (Sp), the NPC does not disassemble. However, in S. cerevisiae the Y-shaped complex has been carved out from native NPCs by detergent and salt treatment, and it also has been reconstituted in vitro from recombinant proteins (18) (19) (20) .
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The authors declare no conflict of interest. like hub of the Y, which likely is formed by C-terminal domains of Nup120, Nup85, and Nup145C (15, 21) . Averaging of negatively stained specimens of isolated S. cerevisiae Ys and fitting in known atomic structures revealed several flexible angles in the Y-shaped complex (18) .
Although arrangements of the Y-shaped coatomers in higherorder structures remain to be elucidated, binding and mutational experiments showed that the unstructured 15 N-terminal residues of Nup133 interact with a distinct helical region of Nup120, suggesting that Y-shaped heptamers are linked in a head-to-tail fashion to form a ring (22) . Given the length of the Y-shaped complex, eight Ys would suffice to form a ring, the size of which agrees with the outer diameter of the NPC core as determined by electron microscopy; moreover, the horizontal ring-like linkage of eight Ys also would satisfy the eightfold symmetry of the NPC core in the nucleo-cytoplasmic direction. Importantly, because of the unstructured nature of the N-terminal extension of Nup133, the diameter of the eight-member ring is likely to be flexible (15, 22) .
Analyses of Nup145C·Sec13 and Nup85·Seh1 pairs in solution and by crystal packing yielded clues to the higher-order arrangement of the rings, leading to the proposal that four rings, each composed of eight Ys, are stacked on top of each other in an antiparallel fashion to form a coat cylinder (23, 24) : Homo-dimers of Nup145C or of Nup85 link the outer and inner rings, whereas dimerization by Sec13 or Seh1 members of the pairs connect two stacked rings in midplane. However, the Nup145C homo-dimerization surface also can be occupied, at least partially, by Nup84, thereby yielding hetero-dimerization of Nup145C with Nup84 (21, 25) . Switching from a homo-to a hetero-modality of association appears to emerge as a common theme for the underlying plasticity of the nucleoporin interactome (10) .
In the progression to more complexity, two additional nucleoporins, Nup37 and Nup43, join the Y-shaped complex in the evolution from a seven-member to a nine-member complex (26, 27) . The interactome of these two additional proteins with other members of the coatomer complex has not yet been determined. By systematically probing for interactions between recombinant nucleoporins, we found that Sp-Nup37 interacts with Sp-Nup120 but not with Sc-Nup120. We also determined that a large Nterminal fragment of Sp-Nup120 retained the capability of binding Nup37. We solved structures of two crystals. One crystal was composed solely of Sp-Nup37; the other consisted of SpNup37 bound to the large N-terminal fragment of Sp-Nup120, referred to as "Sp-Nup120 ." Corroborating structure predictions, we determined that Sp-Nup37 folds into a canonical β-propeller. Some of the disordered loops in Nup37 assumed an ordered structure upon binding to Sp-Nup120 . The structure of the Sp-Nup120 1-950 component in the Sp-Nup120 1-950 ·Nup37 heterodimer complex was similar to the previously determined structure of a shorter Sc-Nup120 1-729 monomer crystallized individually (22, 28) . Both structures exhibited an N-terminal β-propeller domain with a prominent 6D-7A insert, followed by a helical domain. Comparison of these structures revealed that Sp-Nup120 1-950 principally evolved two regions to capture Nup37. One of these is located in an extension of the 6D-7A insert of the Sp-Nup120 β-propeller; this extension, ∼50 residues long, is absent in Sc-Nup120 but is highly conserved in Nup120 homologs of Metazoa. The other region is situated in the C-terminal part of the helical region of Sp-Nup120 ; its equivalent has not yet been crystallized for Sc-Nup120. Together these data shed light on the evolution of the coatomer module of the NPC and revealed structural changes that are concomitant with posttranslational binding of nonliganded Sp-Nup37 to Sp-Nup120.
Results
Nup37 Binds Directly to Nup120. Nup37 and Nup43 were identified as additional members of the Y-shaped complex isolated from vertebrate cells (26, 27) . To determine which member of the S. pombe Y-shaped complex interacts with Nup37, we performed gel-filtration analysis using various combinations of recombinant proteins. We found that full-length Sp-Nup37 bound to fulllength Sp-Nup120. However, because S. cerevisiae lacks a counterpart of Nup37, Sp-Nup37 failed to bind to full-length ScNup120 (Fig. 1) . SDS/PAGE analysis revealed that full-length Sp-Nup120 was partially proteolyzed into an ∼110-kDa fragment (indicated by an asterisk in Fig. 1B, Left) , which remained competent to bind Sp-Nup37. Guided by secondary structure predictions, we made several C-terminally truncated forms of Nup120 and identified a stable fragment, Sp-Nup120 , that could be cocrystallized with full-length Sp-Nup37.
Structure Determination. We crystallized Sp-Nup37 protein by itself or in complex with Sp-Nup120 . Nonliganded Nup37 was crystallized in space group P4 1 2 1 2 with one molecule in one asymmetric unit. The structure was solved by single-anomalous dispersion (SAD) using anomalous X-ray diffraction data obtained from an Hg-derivative crystal. The structure was refined to 2.4-Å resolution with R work and R free values of 20% and 22%, respectively. (For details of crystallographic statistics, see Table S1 .) The structure of Nup37 provided the initial phases for the structure determination of the Nup120 ·Nup37 complex. The Nup120 ·Nup37complex is crystallized in space group of P2 1 2 1 2 1 with one copy of the heterodimer in the asymmetric unit. The structure was solved by combining phase information from the nonliganded Nup37 structure and isomorphous anomalous signal from Hg and Au using the MR-SAD method by PHENIX (29) . The assignment of residues during model building was aided by the heavy atom positions (Fig. S1 ), and the structure was refined to 2.4-Å resolution with R work and R free values of 21% and 25.8%, respectively (Table S1 ). (Fig. 2A) . The seven radially arranged blades enclose a central water-rich tunnel that is ∼10 Å in diameter. The WD-40 repeats in Nup37 lack the typical Trp-Asp (WD) sequence for known classes of WD-40 repeats, supporting the notion that WD-40 repeats are highly degenerated repeats (30) . As in most β-propellers, the seventh blade of the Nup37 β-propeller is characterized by a "Velcro" arrangement, for which the interaction between the D strand from the N terminus and the C strand from the C terminus marks the closure site of the propeller (marked by an asterisk in Fig. 2A ). This Velcro-type closure is thought to provide extra structural stability to the propeller (31) 
1-950 and ∼40-kDa Nup37, forms a compact structure with an overall dimension of 80 Å × 75 Å × 130 Å. Nup120 is folded into an N-terminal seven-bladed β-propeller domain with a large α-helical insert between the sixth and seventh blade, followed by a contorted α-helical domain (Fig. 2B) . Its β-propeller domain and C-terminal α-helical domain are packed in a plane, and its 6D-7A insert and the captured Nup37 β-propeller project from the surface of this plane. Moreover, the 6D-7A insert and the C-terminal α-helical domain are organized like a pair of clamps, with one end opening wider than the other, fastening a β-propeller domain in either end (Fig. 2B, Right) . The Nup120 β-propeller sits at the narrower end, and the Nup37 β-propeller fits snugly into the wider cleft at the opposite end. With the top surfaces inclined at an ∼30°angle, the two β-propellers are organized in opposite orientations (Fig. 2B, Left) .
When viewed along the central axis of the two β-propellers, the overall architecture of Sp-Nup120 ·Nup37 can be compared to wheat, helical domain of Nup120; cyan, β-propeller of Nup37. The blades of the two β-propeller structures (note their opposite orientation) and some prominent α-helices are labeled. Note that the helical domain of Nup120 (wheat) provides much of the bicycle frame including one side of each of the two prongs for mounting the two wheels, with the other side provided by the β-propeller insert (green); the "front" wheel is the Nup120 β-propeller; the "rear" wheel is the Nup37 β-propeller. (C) Schematic tracing of polypeptide chains of Sp-Nup120 1-950 and full-length Nup37; β-strands of β-propellers (A-E) are indicated by thick arrows; α-helices (h1-h30) are indicated by rectangles and are numbered in order of their occurrence from the N to the C terminus; loops are indicated by lines, and disordered regions are indicated by dotted lines; a dotted outline indicates a portion of β-propeller insert that is absent in Sc-Nup120. a bicycle, in which Sp-Nup120 1-950 supplies a front wheel (its β-propeller) and the main frame plus the prongs for the rear wheel (Fig. 2B, Left) . The rear wheel is furnished by Nup37. Schematic tracings of the polypeptide chains of Nup120 1-950 and of full-length Nup37 are shown in Fig. 2C .
Sp-Nup120
1-950 Structure. Compared with the four-strand-per-blade arrangement seen in conventional β-propeller domains, the first blade of the Nup120 β-propeller is characterized uniquely by an extra β-strand (β1E) running parallel to the β1D strand at the outer surface. This feature also is present in the Sc-Nup120 propeller (22, 28) . Following this β1E strand, helix h2 (spanning residues 44-55, labeled in Fig. 2B ) protrudes from the top surface, running roughly parallel to the central axis of the β-propeller.
Another distinct feature for Sp-Nup120 is a prominent insert comprising helices h5-h9 (spanning residues 395-510) between the sixth and seventh blade of its β-propeller domain ( Fig. 2 B and  C) . Notably, the 1E-1A helix h2 runs antiparallel to h6 of the 6D- . The two sequences were aligned according to their secondary structures; residue numbers are indicated. Identical residues are shaded in blue; an inserted stretch of about 50 residues in Sp-Nup120 is shaded in pink. Indicated secondary structural elements for Sc-Nup120 are based on the crystal structure determined at 2.6-Å resolution [PDB ID:3F7F (22) 7A insert (Fig. 2B, Right) and is closely embraced by helices h6, h7, and h9. As a result, helix h2 and the five-helix insert fold into a distinct helical bundle domain (Fig. 2B and Fig. S2 ).
The C-terminal α-helical domain (spanning residues 544-950) adopts an L-shaped structure composed of 21 α helices (h10-h30), with a bulging arm comprising helices h10-h22 (residues 548-800) and a slender arm furnished by helices h23-h30 (residues 810-950) (Fig. S3) . The bulging arm is centered on a prominent hydrophobic helix hairpin, helices h17 and h19, with lengths of ∼50 Å and ∼34 Å, respectively. Helices h10-h16 coil like a snake around the base of the helix hairpin, distal to the SpNup120 β-propeller domain, and the upper half of the helix hairpin packs closely against helices h20-h22. As a result, this helix hairpin is almost fully buried and forms a prominent hydrophobic core (Fig. 2B and Fig. S3) .
The slender arm of the L is formed by helices h23-h30 (Fig. 2 B  and C and Fig. S3 ). This region represents an extension of the helical region as compared with the previously reported Sc-Nup120 structure (Fig. 4) . Helices h23-h30 are organized roughly into four antiparallel pairs with h27 off pitch, stacking with h28 at a 45°angle. As a result, helices h23-h30 form a crescent shape with its convex surface contacting Nup37 and the concave side surface largely occupied by helix h27. Overall, these eight helices extend ∼40 Å in the direction perpendicular to h17 (Fig. S3) .
Structure of Sp-Nup120-Bound Nup37. Upon Sp-Nup120 binding, although the overall structure of Nup37 remains largely the same (the two structures could be aligned with an rmsd of 0.5 Å for 371 Cα atoms), some disordered regions in nonliganded Nup37 adopt an α-helical or loop structure ( Fig. 2A and Fig. S4 ). Specifically, on the bottom surface of Nup37, the 4CD and the 5CD loops are in close vicinity to the loop immediately ahead of helix h5 and of the extended h8-h9 loop region of the Sp-Nup120 6D-7A insert, respectively. On the top surface of Nup37, Ile251 of the 4D-5A loop makes van der Waals contacts with Glu743 and Lys744 in the loop following h19 of the Sp-Nup120 helical domain (Figs. 3 and 4) . It should be noted that the N-terminal five residues of Nup37, instead of forming an extended β-strand packed against the sixth blade of Nup37, become flexible upon Sp-Nup120 binding, possibly because of a lack of crystalpacking contacts.
Sp-Nup120-Nup37 Interface. Sp-Nup120 interacts with Nup37 through a concave surface contributed by the 6D-7A insert and the α-helical domain of Sp-Nup120. The total buried surface area for the heterodimer is ∼4,900 Å 2 , with ∼2,100 Å 2 of the buried surface area contributed by the interface between the 6D-7A insert and Nup37 (labeled "A" and "A′" in Fig. S5B ) and the remaining ∼2,800 Å 2 contributed by the interface between the α-helical domain and Nup37 (labeled "B" and "B′" in Fig. S5B) . A detailed schematic view of the heterodimer interface is shown in Fig. 3 . Binding of Nup37 to the enlarged 6D-7A insert of SpNup120 is primarily through hydrophobic contacts and a few hydrogen bonds, whereas the interface between Nup37 and the helical domain of Nup120 involves, in addition, several electrostatic interactions (Figs. 3 and 4 and Fig. S5D ). Within this extensive interface, some prominent hydrophobic centers are highly conserved across species from S. pombe to human (Fig. S5C) . For example, in the α-helical region, Phe136 of Nup37 stacks closely with the side chain of Lys857 from Sp-Nup120. Other residues from Sp-Nup120 (including Tyr849 and Cys861) and those from Nup37 (e.g., Thr165, Asn138, Asp162, and Asp163) further strengthen the interaction. On the distal end of the curved interface of the helical bundle region, a prominent hydrophobic core is formed centering on residues Phe283, Ile291, and Leu282 (contributed by Nup37) and Tyr491, Tyr489, and Pro482 (contributed by Sp-Nup120). This extensive binding interface explains why the heterodimer resists high-salt (1 M NaCl, 1 M urea) or low-salt challenge.
Structural Comparison of Sp-Nup120 and Sc-Nup120. The seven blades of Sc-Nup120 and Sp-Nup120 propellers and most of the prominent helices in the α-helical regions in both structures can be well aligned. However, two key regions of Sp-Nup120 stand out as exceptions and ensnare Sp-Nup37: the enlarged 6D-7A insert of the Sp-Nup120 β-propeller (dotted outline in Fig. 2C ) and the expanded C-terminal helical domain (Fig. 2B) . SpNup120's 6D-7A insert contains ∼50 more amino acid residues than the 70-residue-long 6D-7A insert in Sc-Nup120. The enlargement of the helical insert of the Sp-Nup120 β-propeller gives rise to two additional helices (h7 and h8) and an ∼21-Å elongation of helix h9 (Figs. 4 and 5 ). More importantly, helices h8 and h9 and the loop connecting h8 and h9 make extensive contacts with the fourth and fifth blades of the Nup37 propeller (Figs. 2B and 3) .
Comparison of the previously reported Sc-Nup120 1-729 structure (22, 28) and the Sp-Nup120 1-950 structure reveals seven additional α-helices at the C terminus of Sp-Nup120 (Fig. 4) . This extended helical region of Sp-Nup120 harbors a series of residues distributed along helices h24-h26 and h29 that contact Nup37 (Figs. 2-5 ). The structure of the corresponding region of Sc-Nup120 has not been determined. Based on the observation that Sc-Nup120 alone is not sufficient to bind Nup37 (Fig. 1C) , we suggest that Nup120 orthologs of S. pombe and Metazoa specifically use features of these C-terminal α-helices as a partial binding platform for Nup37. We also envisage that the remaining Nup37 binding sites within the Sp-Nup120 β-propeller evolved through the expansion of the 6D-7A insert (Fig. 5 ) by its increased contacts with Nup37. This expansion is conserved in Nup120 orthologs that are competent to bind Nup37 (Fig. S6 ).
Discussion
We report the atomic structures of a complex of two nucleoporins, Nup120
1-950 and full-length Nup37, as well as of nonliganded Nup37, all of S. pombe. These structures provide information not only about the evolution of the coatomer module of the NPC but also about structural changes that accompany the posttranslational assembly of Nup120·Nup37 as part of a hetero-octameric coatomer module.
Localized adjacent to the cylindrical pore membrane with its distinct embedded POMs, the coatomer module of the NPC underwent evolution toward higher complexity: A hetero-heptamer in S. cerevisiae evolved into a hetero-octamer in S. pombe and into a hetero-nonamer in Metazoa. The heptamer-to-octamer or -nonamer transition involves the acquisition of Nup37 or of Nup37 and Nup43, respectively. Although most analyses thus far have been carried out with the S. cerevisiae hetero-heptamer, the constituent members of the coatomer module of other species generally are identifiable by sequence homologies (32) ; most likely, all modules also share a similar (electron microscopically defined) Y-shaped structure.
Our biochemical studies together with structural analyses shed light on the evolution of the Y-shaped complex. We first biochemically identified Sp-Nup120 as the binding partner for Nup37 (Fig. 1) . The structure of full-length Nup37 further revealed that it folds into a canonical seven-bladed β-propeller that showed several unstructured regions on its surface. Some of these regions become structured upon binding to Sp-Nup120. Immediately after cellular synthesis, these regions may be protected temporarily by chaperones to allow an ordered assembly with Sp-Nup120 as well as with other surrounding nucleoporins or POMS. These unstructured regions increase surface entropy and pose problems for crystallization but likely endow the nucleoporin interactome with considerable plasticity to accommodate transport substrates varying greatly in size.
The overall architecture of the Sp-Nup120 1-950 ·Nup37 complex resembles the shape of a bicycle, to which Nup37 provides only the rear wheel and Sp-Nup120 1-950 contributes the main frame and the front wheel (Fig. 2B, Left) . However, the SpNup120-derived front wheel, also a seven-bladed β-propeller, is distinguished from Sc-Nup120 by an extension of about 50 residues in its 6D-7A insert. Strikingly, this 50-residue extension provides numerous contact sites (Figs. 3 and 4) to fasten the rear wheel and is conspicuously absent in S. cerevisiae but is present in S. pombe and Metazoa (33) . Another noteworthy difference between the Sc-and Sp-Nup120 β-propellers is the presence in Sp-Nup120 β-propellers of 1E-1A helix h2 (Figs. 2 and 4 and Fig. S2 ), which projects from the β-propeller and stabilizes the adjacently located 50-residue extension. The equivalent region is disordered in the crystal structure of Sc-Nup120 (22, 28) .
Other principal contact sites for the Nup37 β-propeller are contributed primarily by the C-terminal portion of the α-helical domain of Sp-Nup120 (Figs. 3 and 4) . Notably, the previously determined crystal structure of the Sc-Nup120 1-729 fragment lacked the equivalent region (refs. 22, 28 and Figs. 1 and 4) . However, our finding that Sc-Nup120 does not bind to Sp-Nup37 in vitro suggests that in Sc-Nup120 this region may have evolved to exert other, yet to be determined, functions.
Because β-propellers are classical interaction platforms for other cofactors, the capture of Nup37 may facilitate a more extensive integration of the coatomer module of the NPC into the network of surrounding nucleoporins and POMs (Introduction). The addition of the Nup37-binding platform to the NPC is predicted to give rise to additional functional properties of the NPC not present in S. cerevisiae. Determining what these properties might be must await the identification and characterization of other binding partners of Nup37. However, because S. pombe, like S. cerevisiae, undergoes closed mitosis, the acquisition of Nup37 in S. pombe (or its loss in S. cerevisiae) is presumed not to relate to the reversible NPC disassembly into subcomplexes that occurs in open mitosis, where the coatomer, other disassembled nucleoporins, and transport factors function in other capacities, such as the assemblies of kinetochores and spindles (34) (35) (36) .
Materials and Methods
Detailed descriptions of protein expression, purification, crystallization, Xray diffraction data collection, structure determination, and biochemical analyses are provided in SI Materials and Methods. In short, recombinant proteins were expressed in insect cells with an N-terminal cleavable His-tag. The proteins were purified by multiple rounds of chromatography approaches. The Sp-Nup37 structure was solved by SAD method. The Nup120.Nup37 complex structure was solved by MR-SAD method.
